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The f ieXd of the invention is major 
hi stocompatibility 

Majo r ^^^ers^ fenestrate all 
antigens are cell surface r J Humans possess 

specific immune *-•«"- "J^, DR , for which 
U^ee distinct MHC class " are knoun . for 

„ approximately 70 di "^f^ovn; and DP, for which 
which 33 different *»°*™* S Eaeh dividual bears 

47 different allotypes are «»™ ^ ^ DP 

two to four DR alleles, two 

alleles. „ las s I and class II) 

* " CeSt0 " f irst step of immune 

participate in the -^^"Un Laments ( peptides, 
recognition by binding small P sourc es, and 

derived fro. pathogens or cells <T 

presenting tbese ^absence of MHC 

the immune system, in ^« 
" CellS) J cel ls are incapable of recognizing 

presentation. T cell ^ ^ clMS „ 

pathogenic material. e nting cells <APC> . 

receptors are termed antigen p foreign 
APCs ingest pathogenic vesicles, then 

25 materials by enveloping them in endos tion . 

subjecting them to enzymatic and =h parti ally 
F oreign proteins which are o£ pepti des, 

degraded or "processed" to yield molecoles that 

some of Which are bound * "HC^cla ^ ^ ^ 
30 are en route to the sur . T cell recognition. 

„„c-bound are jessed on the surface 

WC TJLoTJ complex composed of an a chain, 
of APCs as a trimolecuxa r 

a p chain, and a processed peptxd . surface , both 

^.w-v are expressed on tne cexx 
35 polypeptides that are expr 
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25 


30 


« and „ chains contain short signal sequences at «, • 
HH 2 termini which target them to quances at their 

reticulum (ER) . within the^n,::: 0 ^":^ 

complex associates with an additional prot a «*•!» 
5 invariant chain . Association "L" L" T"* 

block the premature acquisition «, is P r °P°s«J to 

the peptide oinding te » "^"i" 9 

promote stable .„ interaction anTdirect s^r' ' 
intracellular traffickino or +L Sequent 
10 vesicles m th/ T "mplex to endosomal 

involving proteoLL °° eS ' " ^ " y * 

bind to the hhc molecule Th. J andosome to 

i* transported f rom tS"^T^ hi ZTtlT^ 
5 where it becomes accessible to T-cell . 

subsequent activation of immune response T 
nolecules hind not only to peptides derived trlT 
exogenous (ingested) proteins h«. , 
by degradation c* JLZ^^'ZL* 

determined bv its i n «, dSS XI ls 

binding ^^^T^* 
with the various allotypes dil^ " 9 grmva ' 

binding specif icitiel dlSpla >™9 different peptide- 

immune system TZT^ «» -mmalian 

self-peptides aT^'^ '° *» 

system is critical for maintenance of this 

generate an ZZt rllZT"' ■ ^ " "« 
this system gives r"e to auto 9 """ * ° f 

-betes, rheumatoid l^^^^^ " 

include protocols in :o1:^ P " Per 

synthetic, high af f "n^ "1? 1 " te "~» deliv ^ «* 

«inxty blndln g peptiQes „ blo=kinB pept . des _ 
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nerate protective immunity 
vaccination can generate ' P an antib ody- 

agai nst a pathogenic «^J^^o«~. Most of the 
. Jdiated and/or a T ^'Jf^^ use relatively crude 

current vaccination str *^ or inactivated viruses. 
5 preparations, such as atten antibody - and cell- 

These vaccines often generate b ^ ^ ^ 
m ediated immunity, and do » Moreover, in many 

tyP e of i—e response gener ^ ^ can 

diseaS es the sta te. 
10 result in an exacerc 

SUBME£ ^T^ rllnT^rally processed 
Xn «- -* re 70 Known human MHC 

peptides bound to six ofthe ^ 

cla ss XX « "vl been charactered. 

15 DE4. HIA-DB7, and HLA DBS! inantly derived 

^ese peptides were found « proteins . severaX 

tro m self P« teinS . ra ^ e ^n identified with the 
self peptide ^ a te binding: that is, a 

unexpected property - , nuaber of HXA-D* 

20 given self-peptide will bind * ^ ^ wldely . 

allotypes. This ° b " r ^ ""notion, which dictates 
accepted view of «HC class XX fun ^ 

tha t each -Uotype ^ "^"'the self -peptides 
Furthermore, many n n ^ molecules with 

25 disclosed herein bind to ^ char a=teristi=s-- 

relatively high affmlty . Thes ^ and (3) 

(1) self rather tha, .foreign. (2) ^ ^ ^ 
high affinity binding- sugg conalt ions 
t herapeutic such as W e X diabetes. 

30 characterized by autor sclerosis. In 

rh eumatoid to reduce transplant 

addition, such therapy c 
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10 


35 


self peptides of th" invent i-~dulati„ g 
nonalXeXicaXXy r^ZTZC^ ^^ 
°f a patient. Tissue J ! ^^uced i nto the M>Cs 

unnecessary, as the peptides o^ I ** 
* -XtipXe cXass Xx'isXes xt "T^ ^ 
empXoy a "cocktaii- of rJZ-„ * " SafUl to 

degeneracy is lacking , PePtides "*ere complete 

cocktaii provides overlapping t * all «yPes; the 

in the APc, a peptide^nTtV^ ? SPSCi " C "y. once 
"ith high affinity, thereby ^i ' t 7 " '"^^ 
15 immunogenic peptides v,hi^ 0l0Ckln< 3 «*• binding of 

reaction =hara=ter ls t" of £ '« the i^une 

Because the hlocking peptides of T" C ° ndlti ° n - 
Peptides with the exact »tj ^V"^ "* 
tolerized during ontogeny, a" ter " lni 

0 and wiix not induce an Z ^unoiogicaiXy inert 

-PXicate trea^nt " l^ZZlTll ?* 

The peptides cf the invent/ 9 Peptides, 

into apes directly e a h "l" 5 " 10 " be introduced 

intracellular^. R eco^ lnant g e nes " 9 
endosoaal targeting signaXs fused " bl "* 
sequences are Xinked t„ , "locking peptide 

sequences and ^J^^ T™" 10 " 
these genes direct the °" Ce ln the =ell, 

peptides targeted to thel*" u m!^ ™^ 
chains as they are to™., T lass 11 " «d 0 

heterodi-ers . tL p" ° ^ """"^ int ° 

Peptides vithin le P L ll ^ '"^ bi " di "* 

"HI prevent association of the 
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a/0 complex with invariant chain, and thus interfere with 
intracellular trafficking. The class II molecule/ 
blocking peptide complex may subsequently be expressed on 
the cell surface, but would not elicit an immune response 
5 since T cells are tolerized to this complex early in 
development* The use of peptides tagged with ER 
retention signals may also prevent the peptide-complexed 
class II molecules from leaving the ER. Alternatively, 
the recombinant peptide may be tagged with an endosomal 
10 targeting signal which directs it to the endosomal 
compartment after synthesis, thereby also skewing the 
ratio of endogenously-processed peptide to blocking 
peptide in the endosome and favoring binding of the high 
affinity blocking peptide to any class II molecules which 
15 did not bind it in the ER. It may be advantageous, for 
any individual patient, to employ one or more ER-directed 
peptides in combination with one or more endosome- 
directed peptide, so that a-0 complexes which are not 
filled in the ER with peptides of the invention are then 
20 blocked in the endocytic pathway. The end result again 
is cell surface expression of a non-immunogenic class 
II /peptide complex. 

The use of a class II nonrestricted high affinity 
binding peptide coupled to an intracellular delivery 
25 system permits the specific down-regulation of class II 
restricted immune responses without invoking the 
pleiotropic adverse reactions associated with the current 
pharmacological* strategies. Successful application of 
these technologies will constitute a significant advance 
3 0 towards the treatment of autoimmune disease and 
prevention of transplant rejection. 

The intracellular delivery system of the invention 
can also be utilized in a novel method of vaccination of 
an animal, e.g., a human patient or a commercially 
35 significant mammal such as a cow which is susceptible to 
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diseases such as hoof and mouth disease. Such a system 
can be tailored to generate the type of immune response 
required in a given situation by adjustments in the 
following: (a) peptide specificity for class I or class 
5 II MHC; (b) peptide/protein length and/or sequence, and 
(c) using specific tags for organelle targeting. The 
system of the invention ensures that peptides are 
produced only within cells, and are not present outside 
the cells where they could stimulate antibody production 
10 by contact with B cells. This limits the immune response 
generated by such a vaccine to T cell-mediated immunity, 
thereby preventing either an inappropriate or potentially 
deleterious response as might be observed with standard 
vaccines targeting the organisms which cause, for 
15 example, HIV, malaria, leprosy, and leishmaniasis. 
Furthermore, this exclusively T cell-mediated immune 
response can be class I or class II-based, or both, 
depending upon the length and character of the 
immunogenic peptides: MHC class I molecules are known to 
20 bind preferentially to peptides 8 to 10 residues in 

length, while class II molecules bind with high affinity 
to peptides that range from 12 to 25 residues long. 

Immunization and therapy according to the 
invention can employ a purified preparation of a peptide 
of the invention, i.e., a peptide which includes an amino 
acid sequence identical to that of a segment of a 
naturally-occurring human protein (i.e., a "self 
protein"), such segment being of 10 to 30 residues in 
length, wherein the peptide binds to a human MHC class II 
30 allotype, and preferably binds to at least two distinct 
MHC class II allotypes (e.g., any of the approximately 70 
known DR allotypes, approximately 47 known DP allotypes, 
or approximately 33 known DQ allotypes) . The portion of 
the peptide corresponding to the self protein segment is 
35 herein termed a "self peptide". By "purified 


25 
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preparati n" is meant a preparation at least 50% (by 
weight) of the polypeptide constituents of which consists 
of the peptide of the invention. In preferred 
embodiments, the peptide of the invention constitutes at 
5 least 60% (more preferably at least 80%) of the purified 
preparation. The naturally-occurring human protein is 
preferably HLA-A2 (as broadly defined below), HLA-A29, 
HLA-Bw62, HLA-C, HLA-DRor, HLA-DR0, invariant chain (Ii) , 
Ig kappa chain C region, Ig heavy chain, Na + /K + ATPase, 

10 transferrin, transferrin receptor, calcitonin receptor, 
carboxypeptidase E, MET kinase-related transforming 
protein, guanylate-binding protein, mannose-binding 
protein, apolipoprotein B-100, cathepsin C, cathepsin S, 
metalloproteinase inhibitor 1 precursor, or heat shock 

15 cognate 71 kD protein; it may be an MHC class I or II 
antigen protein or any other human protein which occurs 
at the cell surface of APCs. The self peptide preferably 
conforms to the following motif: at a first reference 
position (I) at or within 12 residues of the amino 

20 terminal residue of the segment, a positively charged 
residue (i.e., Lys, Arg, or His) or a large hydrophobic 
residue (i.e., Phe, Trp, Leu, lie, Met, Tyr, or Pro; and 
at position 1+5, a hydrogen bond donor residue (i.e., 
Tyr, Asn, Gin, Cys, Asp, Glu, Arg, Ser, Trp, or Thr) . In 

25 addition, the peptide may also be characterized as 

having, at positions 1+9, I+l, and/or 1-1, a hydrophobic 
residue (i.e., Phe, Trp, Leu, He, Met, Pro, Ala, Val, or 
Tyr) (+ denotes positions to the right, or toward the 
carboxy terminus, 

30 and - denotes positions to the left, or toward the amino 
terminus.) A typical peptide of the invention will 
include a sequence corresponding to residues 31-40 (i.e., 
TQFVRFDSDA) or residues 106-115 (i.e., DWRFLRGYHQ) of 
HLA-A2, or residues 107-116 (i.e., RMATPLLMQA) of Ii, or 
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a sequence essentially identical to any one of the 
sequences set forth in Tables 1-10 below. 

The therapeutic and immunization methods of the 
invention can also employ a nucleic acid molecule (RNA or 
5 DNA) encoding a peptide of the invention, but encoding 
less than all of the entire sequence of the self protein. 
The nucleic acid preferably encodes no substantial 
portion of the self protein other than the specified self 
peptide which binds to a MHC- class II molecule, although 
10 it may optionally include a signal peptide or other 
trafficking sequence which was derived from the self 
protein (or from another protein) . A trafficking 
sequence is an amino acid sequence which functions to 
control intracellular trafficking (directed movement from 
15 organelle to organelle or to the cell surface) of a 
polypeptide to which it is attached. Such trafficking 
sequences might traffic the polypeptide to ER, a 
lysosome, or an endosome, and include signal peptides 
(the amino terminal sequences which direct proteins into 
20 the ER during translation) , ER retention peptides such as 
KDEL; and lysosoiae-targeting peptides such as KFERQ, 
QREFK, and other pentapeptides having Q flanked on one 
side by four residues selected from K, R, D, E, F, I, V, 
and L. An example of a signal peptide that is useful in 
25 the invention is a signal peptide substantially identical 
to that of an MHC subunit such as class II a or p; e.g., 
the signal peptide of MHC class II o is contained in the 
sequence MAI SCVPVLGFFI IAVLMSAQESWA . The signal peptide 
encoded by the nucleic acid of the invention may include 
30 only a portion (e.g., at least ten amino acid residues) 
of the specified 25 residue sequence, provided that 
portion is sufficient to cause trafficking of the 
polypeptide to the ER. In preferred embodiments, the 
nucleic acid of th invention encodes a second self 
35 peptide and a second trafficking sequence (which may be 
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identical to or different than the first self peptide and 
first trafficking sequence) , and it may encode additional 
self peptides and trafficking sequences as well. In 
still another variation on this aspect of the invention, 
5 the self peptide sequence (or a plurality of self peptide 
sequences arranged in tandem) is linked by a peptide bond 
to a substantially intact Ii polypeptide, which then 
carries the self peptide sequence along as it traffics 
the class II molecule from ER to endosome. 
10 The nucleic acid of the invention may also contain 

expression control sequences (defined as transcription 
and translation start signals, promoters, and enhancers 
which permit and/or optimize expression of the coding 
sequence with which they are associated) and/ or genomic 
15 nucleic acid of a phage or a virus, such as an attenuated 
or non-replicative, non-virulent form of vaccinia virus, 
adenovirus, Epstein-Barr virus, or a retrovirus. 

The peptides and nucleic acids of the invention 
may be prepared for therapeutic use by suspending them 
20 directly in a pharmaceutical^ acceptable carrier, or by 
encapsulating them in liposomes, immune-stimulating 
complexes (ISCOMS) , or the like. Such preparations are 
useful for inhibiting an immune response in a human 
patient, by contacting a plurality of the patient's APCs 
25 with the therapeutic preparation and thereby introducing 
the peptide or nucleic acid into the APCs. 

Also within the invention is a cell (e.g. , a 
tissue culture .pell or a cell, such as a B cell or APC, 
within a human) containing the nucleic acid molecule of 
30 the invention. A cultured cell containing the nucleic 
acid of the invention may be used to manufacture the 
peptide of the invention, in a method which involves 
culturing the cell under conditions permitting expression 
of the peptide from the nucleic acid molecule. 
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Disclosed herein is a method of identifying a 
nonallelically restricted immunomodulating peptide, which 
method includes the steps of: 

(a) fractionating a mixture of peptides eluted 
5 from a first MHC class II allotype; 

(b) identifying a self peptide from this mixture ; 

and 

(c) testing whether the self peptide binds to a 
second MHC class II allotype, such binding being an 

10 indication that the -self peptide is a nonallelically 

restricted immunomodulating peptide. 

In further embodiments, the invention includes a 

method of identifying a potential immunomodulating 

peptide, in a method including the steps of: 
15 (a) providing a cell expressing MHC class II 

molecules on its surface; 

(b) introducing into the cell a nucleic acid 
encoding a candidate peptide; and 

(c) determining whether the proportion of 
20 class II molecules which are bound to the candidate 

peptide is increased in the presence of the nucleic acid 
compared to the proportion bound in the absence of the 
nucleic acid, such an increase being an indication that 
the candidate peptide is a potential immunomodulating 

25 peptide. 

Also within the invention is a method of 
identifying a potential immunomodulating peptide, which 
method includes the steps of: 

(a) providing a cell expressing MHC class II 

30 molecules on its surface; 

(b) introducing into the cell a nucleic acid 
encoding a candidate peptide; and 

(c) determining whether the level of MHC class II 
molecules on the surface of the cell is decreased in the 

35 pr sence of the nucleic acid compared to the level of MHC 
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class II molecules in the absence of the nucleic acid, 
such a decrease being an indication that the candidate 
peptide is a potential immunomodulating peptide. 

Also included in the invention is a method of 
5 identifying a nonallelically restricted immunostimulating 
peptide, which method includes the steps of: 

(a) providing a cell bearing a first MHC class I 
or class II allotype, such cell being infected with a 
pathogen (e.g., an infective agent which causes human or 

10 animal disease, such as human immunodeficiency virus 
(HIV), hepatitis B virus, measles virus, rubella virus, 
influenza virus, rabies virus, Corynebacteriujn 
diphtherias, Bordetella pertussis, Plasmodium spp., 
Schistosoma spp., Leishmania spp., Trypanasoma spp. , or 

15 Mycobacterium lepre) ; 

(b) eluting a mixture of peptides bound to the 
cell's first MHC allotype; 

(c) identifying a candidate peptide from the 
mixture, such candidate peptide being a fragment of a 

20 protein from the pathogen; and 

(d) testing whether the candidate peptide binds 
to a second MHC allotype, such binding being an 
indication that the candidate peptide is a nonallelically 
restricted immunostimulating peptide. A nucleic acid 

25 encoding such an immunogenic fragment of a protein of a 
pathogen can be used in a method of inducing an immune 
response in a human patient, which method involves 
introducing the* nucleic acid into an APC of the patient. 

The therapeutic methods of the invention solve 
3 0 certain problems associated with prior art methods 

involving intravenous injection of synthetic peptides: 
(1) because of allelic specificity, a peptide capable of 
binding with high affinity to all, or even most, of the 
different class II allotypes expressed within the general 
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population had not previously been identified; (2) the 
half-lives of peptides delivered intravenously are 
generally very low, necessitating repeated administration 
with the associated high level of inconvenience and cost; 

5 (3) this type of delivery approach requires that the 

blocking peptide displace the naturally-occurring peptxde 
occupying the binding cleft of a class II molecule while 
the latter is on the cell surface, which is now believed 
to be a very inefficient process; and (4) if the blocking 

10 peptide utilized is itself immunogenic, it may promote 
deleterious immune responses in some patients. 

Other features and advantages of the invention 
will be apparent from the following detailed description, 

and from the claims. 
15 retailed nogrrription 

The drawings are first briefly described. 
nrawinqs 

Figs, la-f are chromatographic analyses of the 
peptide pools extracted from papain digested HLA-DR1, 
20 DR2 , DR3, DR4 , DRV, and DR8 , respectively, illustrating 
the peptide repertoire of each HIA-DR as detected by X3V 
absorbance. The UV absorbance for both 210 nm and 277 nm 
is shown at a full scale absorbance of 500 mAU with a 
retention window between 16 minutes and 90 minutes (each 
25 mark represents 2 minutes) . 

Fig. 2 is a representative mass spectrometric 
analysis of the size distribution of isolated HLA-DR1 
bound peptides. The determined peptide masses in groups 
of 100 mass units were plotted against the number of 
30 isolated peptides identified by mass spectrometry. 
Peptide length was calculated by dividing the 
experimental mass by an average amino acid mass of 118 
daltons. 

Fig. 3 is a representation of two minigenes of the 
35 invention, in which the HLA-DRa chain leader peptide is 
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linked to the amino terminus of a 15-residue (A) or 24- 
residue (B) blocking peptide fragment of human invariant 
chain Ii. 

Experimental Data 

5 METHODS 

I. Purification of HLA-DR antigens. 

HLA-DR molecules were purified from homozygous, 
Epstein-Barr virus-transformed, human B lymphoblastoid 
lines: DR1 from LG-2 cells, DR2 from MST cells, DR3 from 
10 WT20 cells, DR4 from Priess cells, DR7 from Mann cells, 
and DR8 from 23.1 cells. All of these cell lines are 
publicly available. Cell growth, harvest conditions and 
protein purification were as previously described (Gorga, 
J, et al., 1991). Briefly, 200 grams of each cell type 
15 was resuspended in lOmM Tris-HCl, lmM dithiothreitol 

(DTT) , O.lmM phenylmethylsulfonylf louride (PMSF) , pH 8.0, 
and lysed in a Thomas homogenizer. The nuclei were 
removed by centrifugation at 4000xg for 5 min and the 
pellets washed and repel leted until the supernatant s were 
20 clear. All the supernatant s were pooled and the membrane 
fraction harvested by centrifugation at I75,000xg for 40 
min. The pellets were then resuspended in 10 mM Tris- 
HCl, lmM DTT, lmM PMSF, 4% NP-40. The unsolubilized 
membrane material was removed by centrifugation at 
25 175,000xg for 2 hours, and the NP-40 soluble supernatant 
fraction used in immunoaf f inity purification. 

Detergent soluble HLA-DR was bound to a LB3.1- 
protein A sepharose column (Gorga et al., id) and eluted 
with 100 mM glycine, pH 11.5. Following elution, the 
30 sample was immediately neutralized by the addition of 
Tris-HCl and then dialyzed against lOmM Tris-HCl, 0.1% 
deoxycholic acid (DOC). The LB3.1 monoclonal antibody 
recognizes a conf rmational determinant present on the 
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15 


nonpolymorphic HLA-DRct chain, and thus recognizes all 

allotypes of HLA-DR. 

The transmembrane domain of the DR molecules was 
removed by papain digestion, and the resulting water- 
5 soluble molecule further purified by gel filtration 
chromatography on an S-200 column equilibrated in lOmM 
Tris-HCl, pH 8.0. The purified DR samples were 
concentrated by ultrafiltration, yield determined by BCA 
assay, and analyzed by SDS polyacrylamide gel 
10 electrophoresis. 

II. Extraction and fractionation of bound peptides. 

Water-soluble, immunoaf f inity-purif ied class II 
molecules were further purified by high-performance size 
exclusion chromatography (SEC), in 25 mM N-morpholino 
ethane sulfonic acid (MES) pH 6.5 and a flowrate of 
1 ml/min., to remove any residual small molecular weight 
contaminants. Next, Centricon microconcentrators 
(molecular weight cutoff 10,000 daltons) (Amicon Corp.) 
were sequentially washed using SEC buffer and 10% acetic 
acid prior to spin-concentration of the protein sample 
(final volume between 100-200 mD • Peptide pools were 
extracted from chosen class II alleles by the addition of 
1 ml of 10% acetic acid for 15 minutes at 70»C. These 
conditions are sufficient to free bound peptide from 
class II molecules, yet mild enough to avoid peptide 
degradation. The peptide pool was separated from the 
class II molecule after centrifugation through the 
Centricon concentrator, with the flow-through containing 
the previously bound peptides. 
30 The collected acid-extracted peptide pool was 

concentrated in a Savant Speed-Vac to a volume of 50 nl 
prior to HPLC separation. Peptides were separated on a 
microbore C-18 reversed-phase chromatography (RPC) column 
(Vydac) utilising the following non-linear gradient 
35 protocol at a constant flowrate of 0.15 ml/min.: 0-63 


20 


25 
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min. 5%-33% buffer B; 63-95 min. 33%-60% buffer B; 95-105 
min 60%-80% buffer B, where buffer A was 0.06% 
trif luoroacetic acid/water and buffer B was 0.055% 
trif luoroacetic acid/acetonitrile. Chromatographic 
5 analysis was monitored at multiple UV wavelengths (210, 
254, 277, and 292 nm) simultaneously, permitting 
spectrophotometric evaluation prior to mass and sequence 
analyses. Shown in Pig.l are chromatograms for each of 
the six DR peptide pools analyzed. Collected fractions 
10 were subsequently analyzed by mass spectrometry and Edman 
. sequencing. 

III. Analysis of peptides. 

The spectrophotometric evaluation of the peptides 
during RPC provides valuable information regarding amino 

15 acid composition (contribution of aromatic amino acids) 
and is used as a screening method for subsequent 
characterization. Appropriate fractions collected during 
the RPC separation were next analyzed using a Finnegan- 
MAT LaserMat matrix-assisted laser-desorption mass 

20 spectrometer (MALD-MS) to determine the individual mass 
values for the predominant peptides. Between l%-4% of 
the collected fraction was mixed with matrix (l/il <*- 
Cyano-4-hydroxycinnamic acid) to achieve mass 
determination of extracted peptides. The result of this 

25 analysis for HIA-DR1 is shown in Fig. 2. Next, chosen 
peptide samples were sequenced by automated Edman 
degradation microsequencing using an ABI 477A protein 
sequencer (Applied Biosystems) with carboxy-terminal 
verification provided by mass spectral analysis using the 

30 Finnigan-MAT TSQ 700 triple quadruple mass spectrometer 
equipped with an electro-spray ion source. This parallel 
analysis ensures complete identity of peptide composition 
and sequence. Peptide alignment with protein sequences 
stored in the SWISS-PROT database was performed using the 
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FASTA computer database search program. Set forth in 
Tables 1-10 ar the results of this s qu nc analysis for 
each of the DR molecules studied. 

RESULTS 
5 I. HLA-DR1. 

The HLA-DRl used in this study was papain 
solubilized to enable the material to be used both for 
crystallographic and bound peptide analyses. The 
peptides bound to DRl were acid extracted and 
10 fractionated using RPC (Fig. 1). The absence of any 
detectable peptidic material following a second 
extraction/RPC separation verified quantitative peptide 
extraction. Amino acid analysis (ABI 4 2 OA/ 13 OA 
derivatizer/HPLC) of extracted peptide pools demonstrated 
15 a 70-80% yield, assuming total occupancy of purified DRl 
with a molar equivalent of bound peptides corresponding 
to the size distribution determined by mass spectrometry 
(see Fig. 2) . The RPC profiles obtained from DRl 
extractions of multiple independent preparations were 
20 reproducible. Furthermore, profiles from either 
detergenc-soiuble or papain-solubilized DRl were 
equivalent. To confirm that the peptides were in fact 
identical in detergent-soluble and papain-digested DRl, 
mass spectrometry and Edman sequencing analyses were 
25 performed and revealed identical masses and sequences for 
analogous fractions from the two preparations. 

Matrixyassisted laser desorption mass spectrometry 
(MALD-MS) was used to identify 111 species of unique mass 
contained within the eluted peptide pool of DRl with an 
3 0 average size of 18 and a mode of 15 residues (Fig. 2) . 
Over 500 additional mass species present within the 
molecular weight range of 13-25 residues were detected; 
however, the signal was not sufficient to assign 
individual masses with confidence. Multiple species of 
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varying mass were detected in fractions corresponding to 
single RPC peaks indicating co-elution of peptides. To 
characterize these peptides further, samples were 
analyzed in parallel on a triple quadruple mass 
5 spectrometer equipped with an electrospray ion source 
(ESI-MS) and by automated Edman degradation 
microsequencing (Lane et al., J, Prot. Chem. 10:151-160 
(1991)). Combining these two techniques permits crucial 
verification of both the N- and C-terminal amino acids of 

10 peptides contained in single fractions. The sequence and 
mass data acquired for twenty peptides isolated from DR1 
are listed in Table 1. All the identified peptides 
aligned with complete identity to regions of proteins 
stored in the SWISS-PROT database. 

15 Surprisingly, sixteen of the twenty sequenced DR1- 

bound peptides were 100% identical to regions of the self 
proteins HLA-A2 and class II-associated invariant chain 
(Ii) , representing at least 26% of the total extracted 
peptide mass. These isolated peptides varied in length 

20 and were truncated at both the N- and C-termini, 

suggesting that: 1) antigen processing occurs from both 
ends after binding to DR1, or 2) class II molecules bind 
antigen from a pool of randomly generated peptides. The 
yields from the peptide microsequencing indicated that 

25 HLA-A2 (Fig. 1) and Ii each represents at least 13% of 
the total DRl-bound peptides. 

An additional surprising finding concerned a 
peptide which* although bound to HLA-DR and 100% 
homologous with HLA-A2 peptide, was derived from a cell 

3 0 which does not express HLA-A2 protein. Evidently this 
peptide is derived from a protein containing a region 
homologous with a region of HLA-A2 protein. Thus, for 
purposes of this specif ication, the term "HLA-A2 protein" 
is intended to include HLA-A2 protein itself, as well as 

35 any naturally occurring protein which contains a ten or 
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greater amino acid long region of >80% homology with an 
.HLA-DR-binding peptide derived from HLA-A2 . An "HLA— A2 
peptide" similarly refers to peptides from any HLA-A2 
protein, as broadly defined herein. 
5 The other four peptides identified in the DR1 

studies were derived from two self proteins, transferrin 
receptor and the Na + /K + ATPase, and one exogenous protein, 
bovine serum fetuin (a protein present in the serum used 
to fortify the medium which bathes the cells) . Each of 
10 these peptides occupied only 0.3-0.6% of the total DR1 
population, significantly less than either the HLA-A2 or 
the Ii peptides. It is known that class II molecules en 
route to the cell surface intersect the pathway of 
incoming endocytic vesicles. Both recycling membrane 
15 proteins and endocytosed exogenous protein travel this 
common pathway. Hence, the HLA-A2, transferrin receptor, 
Na + /K + ATPase and bovine fetuin derived peptides would all 
encounter DRl in a similar manner. Ii associates with 
nascent class II molecules in the endoplasmic reticulum 
20 (ER) (Jones et al., Mol. Immunol. 16:51-60 (1978)), 

preventing antigen binding until the class II /Ii complex 
arrives at an endocytic compartment (Roche and Cresswell, 
Nature 345:615-618 (1990)), where Ii undergoes 
proteolysis (Thomas et al., J. Immunol. 140:2670-2675 
25 (1988); Roche and Cresswell, Proc. Natl. Acad. Sci. USA 
88:3150-3154 (1991)), thus allowing peptide binding to 
proceed. Presumably, the Ii peptides bound to DRl were 
generated at, this step. 

Synthetic peptides corresponding to five of the 
30 peptides reported in Table 1 were made and their relative 
binding affinities to DRl determined. The influenza A 
hemagglutinin peptide (HA) 307-319 has been previously 
described as a high affinity, HLA-DRl restricted peptide 
(Roche and Cresswell, J. Immunol. 144:1849-1856 (1990); 
35 Rothbard et al. , Cell 52:515-523 (1988)), and was thus 
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chosen as the control peptide. "Empty" DR1 purified from 
insect cells expressing recombinant DR1 cDNA was used in 
the binding experiments because of its higher binding 
capacity and 10-fold faster association kinetics than DR1 
5 isolated from human cells (Stern and Wiley, Cell 68:465- 
477 (1992)). All the synthetic peptides were found to 
compete well (Ki < 100 nM) against the HA peptide (Table 
2) . At first approximation, the Ii 106-119 peptide had 
the highest affinity of all the competitor peptides 

10 measured, equivalent to that determined for the control 
HA peptide. In addition to the Ki determinations, these 
peptides were found to confer resistance to SDS-induced 
a-p chain dissociation of "empty" DR1 when analyzed by 
SDS-PAGE, indicative of stable peptide binding (Sadegh- 

15 Nasseri and Germain, Nature 353:167-170 (1991); Dornmair 
et al., Cold Spring Harbor Symp. Quant. Biol. 54:409-415 
(1989); Springer et al., J. Biol. Chem. 252:6201-6207 
(1977)). Neither of the two control peptides, £ 2 m 52-64 
nor Ii 96-110, was able to either confer resistance to 

20 SDS-induced chain dissociation of DR1 or compete with HA 
307-319 for binding to DR1; both of these peptides lack 
the putative binding motif reported in this study (see 
below) . 

A putative DR1 binding motif based on the sequence 
25 alignments of the core epitopes (the minimum length) of 
certain naturally processed peptides is shown in Table 3. 
The peptides listed in this table include those 
determined herein for HLA-DR1, as well as a number of 
peptides identified by others and known to bind DR1 
30 (reference #6 in this table being O'Sullivan et al., J. 
Immunol. 145:1799-1808, 1990; reference #17, Roche & 
Cresswell, J. Immunol. 144:1849-1856, 1990; reference 
#25, Guttinger et al., Intern. Immunol. 3:899-906, 1991; 
reference #27, Guttinger et al. EMBO J. 7:2555-2558, 
35 1988; and reference #28, Harris et al., J. Immunol. 
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10 


15 


148:2169-2174, 1992). The key residues proposed in the 
motif are as follows: a positively charged group is 
located at the first position, referred to here as the 
index position for orientation (I); a hydrogen bond donor 
is located at 1+5; and a hydrophobic residue is at 1+9. 
In addition, a hydrophobic residue is often found at 1+1 
and/or 1-1. Every naturally processed peptide sequenced 
from DR1 conforms to this motif (with the exception of 
the HLA-A2 peptide 103-116 that lacks residue 1+9) . 
Because the putative motif is not placed in a defined 
position with respect to the first amino acid and because 
of the irregular length of bound peptides, it is 
impossible to deduce a motif from sequencing of peptide 
pools; as was done for class I molecules (Falk et al., 
Nature 351:290-296 (1991)). The Ii 96-110 peptide, a 
negative control peptide used in binding experiments, has 
the I and 1+5 motif residues within its sequence, but is 
missing eight additional amino acids found in Ii 105-118 
(Table 3C) . 

A sequence comparison of 35 previously described 
DRl-binding synthetic peptides (O' Sullivan et al., J. 
Immunol. 145:1799-1808 (1990); Guttinger et al., Intern. 
Immunol. 3:899-906 (1991); Hill et al., J. Immunol. 
147:189-197 (1991); Guttinger et al. , EMBO J. 7:2555-2558 
25 (1988); Harris et al., J. Immunol. 148:2169-2174 (1992)) 
also supports this motif. Of the 35 synthetic peptides, 
21 (60%) have the precise motif, nine (30%) contain a 
single shift .at either I or 1+9, and the remaining five 
(10%) have a single substitution at I (Table 3B and C) . 
30 interestingly, in the latter peptides, a positive charge 
at I is. always replaced by a large hydrophobic residue 
(Table 8C) ; a pocket has been described in class I 
molecules that can accommodate this precise substitution 
(Latron et al., Proc. Natl. Acad. Sci. USA 88:11325-11329 
35 (1991)). contributions by the other eight amino acids 
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within the motif or the length of the peptide have not 
been fully evaluated and may compensate for 
shifted/missing residues in those peptides exhibiting 
binding. Evaluation of the remaining 117 non-DRl binding 
5 peptides cited in those studies (which peptides are not 
included in Table 3) indicates that 99 (85%) of these 
peptides do not contain the DR1 motif proposed herein. 
Of the remaining 18 peptides (15%) that do not bind to 
DR1 but which do contain the motif, 6 (5%) are known to 

10 bind to other DR allotypes; the remaining 12 peptides may 
have unfavorable interactions at other positions which 
interfere with binding. 

In contrast to the precise N-terminal cleavages 
observed in the previous study of six peptides bound to 

15 the mouse class II antigen termed I-A b and five bound to 
mouse I-E b (Rudensky et al . , Nature 3563:622-627 (1991)), 
the peptides bound to DR1 are heterogeneous at both the 
N- and C-termini. In contrast to peptides bound to class 
I molecules, which are predominantly nonamers (Van Bleek 

20 and Nathenson, Nature 348:213-216 (1990); Rotzschke et 
al.. Nature 348:252-254 (1990); Jardetzky et al.. Nature 
353:326-329 (1991); Hunt et al., Science 255:1261-1263 
(1992)), class II peptides are larger and display a high 
degree of heterogeneity both in length and the site of 

25 terminal truncation, implying that the mechanisms of 
processing for class I and class II peptides are 
substantially different. Furthermore, the present 
results suggest that class II processing is a stochastic 
event and that a DR allotype may bind peptides of 

30 different lengths from a complex random mixture. The 

heterogeneity observed may be solely due to protection of 
bound peptides from further degradation. Thus, class II 
molecules would play an active role in antigen processing 
(as previously proposed (Donermeyer and Allen, J. 
.35 Immunol. 142:1063-1068 (1989)) by protecting the bound 
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peptides from complete degradation. Alternatively, the 
predominanc of 15mers bound to DR1 (as detected by both 
the MALD-MS and the yields of sequenced peptides) could 
be the result of trimming of bound peptides. In any 
5 event, the absence of detectable amounts of peptides 

shorter than 13 and longer than 25 residues suggests that 
there are length constraints intrinsic either to the 
mechanism of peptide binding or to antigen processing. 
The predominance of peptides" bound to DR1 that are 
10 derived from endogenously synthesized proteins, and 
particularly MHC-related proteins, may result from the 
evolution of a mechanism for presentation of self 
peptides in connection with the generation of self 
tolerance. 

15 II. Other HLA-DR molecules. 

The sequences of naturally processed peptides 
eluted from each of DR2, DR3, DR4, DR7 and DR8 are shown 


in 


20 


Tables 4-8, respectively. Table 9 gives sequences of DRl 
from another. cell line which does not have wild-type Ar, 
but which has bound A2-like peptides. Table 10 gives 
sequences of peptides eluted from DR4 and DR11 molecules 
expressed in cells from a human spleen. These data 
demonstrate the great prevalence of self peptides bound, 
25 compared to exogenous peptides. The data also show that 
the A2 and Ii peptides occur repeatedly. 

III. Peptide Delivery 

Genetic Constructions. 

In order to prepare genetic constructs for in vivo 
30 administration of genes encoding immunomodulatory 

peptides of the invention, the following procedure is 
carried out. 
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may contribute to heterodimer formation. Any mechanism 
that prevents this association would increase the 
effectiveness of class II blockade. Therefore, a peptide 
corresponding to the site on li which binds to the class 
5 II heterodimer, or corresponding to the site on either 
the a or 0 subunit of the heterodimer which binds to Ii, 
could be used to prevent this association and thereby 
disrupt MHC class II function. 

In Vitro Assembly. 

10 Cell free extracts are used routinely for 

expressing eukaryotic proteins (Krieg, P. & Melton, D. 
(1984) Nucl. Acids Res. 12., 7057; Pelham, H. and Jackson, 
R. (1976) Eur. J. Biochem. 67, 247) . Specific mRNAs are 
transcribed from DNA vectors containing viral RNA 

15 polymerase promoters (Melton, D. et al. (1984) Nucl. 

Acids Res. .12, 7035) , and added to micrococcal nuclease- 
treated cell extracts. The addition of 35 S methionine and 
amino acids initiates translation of the exogenous mRNA, 
resulting in labeled protein. Proteins may be 

20 subsequently analyzed by SDS-PAGE and detected by 
autoradiography. Processing events such as signal 
peptide cleavage and core glycosylation are initiated by 
the addition of microsomal vesicles during translation 
(Walter, P. and Blobel, G. (1983), Meth. Enzymol., 96 . 

25 50) , and these events are monitored by the altered 
mobility of the proteins in SDS-PAGE gels. 

The ability of peptides containing a signal 
peptide sequence to be accurately processed and to 
compete with invariant chain for class II binding in the 

30 ER are assayed in the in vitro system described above. 
Specifically, DRla and p chain, and invariant chain 
peptide constructs described above are transcribed into 
mRNAs, which will be translated in the presence of 
mammalian microsomal membranes. Association of the DR 
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het rodimer with Ii is determined by immunoprecipitation 
with antisera to DR and Ii. Addition of mRNA needing 
the peptide of the invention to the translation reaction 
should result in a decreased level of 
5 coimmunoprecipitated Ii, and the concomitant appearance 
of coimmunoprecipitated peptide, as determined by SDS- 
PAGE on TRIS-Tricine gels. These experiments will 
provide us with a rapid assay system for determining the 
potential usefulness of a given blocking peptide as a 
10 competitor for Ii chain binding in the ER. Those 

peptides of the invention which prove to be capable of 
competing successfully with Ii in this cell-free assay 
can then be tested in intact cells, as described below. 


15 


In Vivo Assembly. 

Human EBV-transf ormed B cell lines LG-2 and HOM-2 
(homozygous for HLA-DR1) and the mouse B cell hybridoma 
LK35.2 are transfected with either 50^g of linearized 
pH/3actin-a-Ii 15 or pH/Jactin-a-Ii 24 or (as a control) 
pH/3actin-l-neo by electr operation (l50mV, 960 M F, 0.2cm 
20 cuvette gap) . Following electroporation, the cells are 
cultured in G4 18 -free medium until total recovery 
(approximately 4 days) . Each population is then placed 
under G418 selection until neomycin-expressing resistant 
populations of transf ectants are obtained (approximately 
25 1-2 months) . The resistant populations are subcloned by 
limiting dilution and the clonality of stable 
transfectante determined by PCR amplification of blocking 
peptide mRNA expression. 

Stable transfectants of LG-2 and HOM-2 carrying 
30 blocking peptide mini-genes or negative control vectors 
are grown in large-scale culture conditions until 20 
grams of pelleted cell mass is obtained. The HLA-DR 
expressed by each transfectant is purified, and the bound 
peptide repertoire (both from within the cell and from 
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the cell surface) analyzed as described above. 
Successful demonstration of a reduction in the total 
bound peptide diversity will be conclusive evidence of 
intracellular delivery of immuno-modulatory peptides. 
5 A second cell-based assay utilizes stable 

transf ectants of LK35.2 cells carrying blocking peptide 
mini-genes or negative control vectors; these cells are 
used as APCs in T cell proliferation assays. Each 
transf ectant is cultured for 24' hours in the presence of 

10 different dilutions of hen egg lysozyme (HEL) and HEL- 
specific T cell hybridomas. The relative activation of 
the T cells present in each assay (as measured by 
lymphokine production) is determined using the publicly 
available lymphokine dependent cell line CTLL2 in a 3 H- 

15 thymidine incorporation assay (Vignali et al. (1992) 
J.E.M. 175:925-932). Successful demonstration of a 
reduction in the ability of blocking peptide expressing 
transf ectants to present HEL to specific T cell 
hybridomas will be conclusive evidence of intracellular 

20 delivery of immuno-modulatory peptides. Cells of the 

human TK~ cell line 14 3 (ATCC) are infected with vaccinia 
virus (strain WR, TK + ) (ATCC) , and two hours 
postinfection, pSCll-a-Ii 15 or pSCll-a-Ii 24 or pSCll is 
introduced into the infected cells by calcium phosphate 

25 precipitation. TK" recombinants are selected for with 
bromodeoxyuridine at 25/ig/ml. Recombinant plaques are 
screened by PCR for the presence of mini-gene DNA. 
Recombinant virus is cloned by three rounds of limiting 
dilution to generate pure clonal viral stocks. 

30 In experiments analogous to the transf ection 

experiments described above, recombinant vaccinia viruses 
encoding mini-genes or vector alone will be used to 
infect large-scale cultures of the human EBV transformed 
B cell lines LG-2 and HOM-2. Following infection, the 

35 HLA-DR is purified and the bound peptide repertoire 
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analyzed as described above. A reduction of the 
complexity of the bound peptide population and a 
significant increase in the relative amount of Ii 
peptides bound are conclusive evidence that vaccinia can 
5 deliver blocking peptides to human APCs. 

The same recombinant vaccinia viruses encoding 
mini-genes or vector will be used to infect mice 
experiencing experimentally- induced autoimmunity. A 
number of such models are known and are referred in 
10 Kronenberg, Cell 65:537-542 (1991). 

Liposomal Delivery of Synthetic Peptides or Mini-gene 
Constructs . 

Liposomes have been successfully used as drug 
carriers and more recently in safe and potent adjuvant 
15 strategies for* malaria vaccination in humans (Fries et 
al. (1992), Proc. Natl. Acad. Sci. USA 89:358). 
Encapsulated liposomes have been shown to incorporate 
soluble proteins and deliver these antigens to cells for 
both in vttro and in vivo CD8 + mediated CTL response 
20 (Reddy et al., J. Immunol. 148:1585-1589, 1992; and 

Collins et al. , J. Immunol. 148:3336-3341, 1992). Thus, 
liposomes may be used as a vehicle for delivering 
synthetic peptides into APCs. 

Harding et al. (Cell (1991) 64, 393-401) have 
25 demonstrated that the targeting of liposome-delivered 
antigen to either of two intracellular class il-loading 
compartments, early endosomes and/or lysosomes, can be 
accomplished by varying the membrane composition of the 
liposome: acid-sensitive liposomes were found to target 
30 their contents to early endosomes, while acid-resistant 
liposomes were found to deliver their contents to 
lysosomes. Thus, the peptides of the invention will be 
incorporated into acid-sensitive liposomes where delivery 
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to endosomes is desired, and into acid-resistant 
liposomes for delivery to lysosomes. 

Liposomes are prepared by standard detergent 
dialysis or dehydration-rehydration methods. For acid- 
5 sensitive liposomes, dioleoylphosphatidylethanolamine 

(DOPE) and palmitoylhomocystein (PHC) are utilized, while 
dioleoylphospatidylcholine (DOPC) and 
dioleoylphosphatidylserine (DOPS) are used for the 
preparation of acid-resisltant liposomes. 10" 5 mol of total 

10 lipid (DOPC/DOPS or DOPE/PHC at 4 : 1 mol ratios) are 

dried, hydrated in 0.2 ml of HEPES buffered saline (HBS) 
(150 mM NaCl, 1 mM EGTA, lOmM HEPES pH 7.4) and 
sonicated. The lipid suspensions are solubilized by the 
addition of 0.1 ml of 1 M octylglucoside in HBS. The 

15 peptides to be entrapped are added to 0.2 ml of 0.6 mM 
peptide in 20% HBS. The mixture is then frozen, 
lyophilized overnight, and rehydrated. These liposomes 
will be treated with chymotrypsin to digest any surface- 
bound peptide. Liposome delivery to EBV-trans formed cell 

20 lines (as described above) will be accomplished by 12-16 
hour incubation at 37 °C. HLA-DR will be purified from 
the liposome treated cells and bound peptide analyzed as 
above . 

Alternatively, the liposomes are formulated with 
25 the DNA mini-gene constructs of the invention, and used 

to deliver the constructs into APCs either in vitro or in . 
vivo . 

Human -immunization will be carried out under the 
protocol approved by both The Johns Hopkins University 

30 Joint Committee for Clinical Investigation and the Human 
Subject Research Review Board of the Office of the 
Surgeon General of the U.S. Army (Fries et al. (1992), 
P.N.A.S. U.S. P. 89:358-362), using dosages described 
therein, or other dosages described in the literature for 

35 liposome-based delivery of therapeutic agents. 
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Delivery via Immune-stimulating Complexes (ISCOMS) . 

ISCOMS are negatively charged cage-like structures 
of 3 0-40nm in size formed spontaneously on mixing 
cholesterol and Quil A (saponin) . Protective immunity 
5 has been generated in a variety of experimental models of 
infection, including toxoplasmosis and Epstein-Barr 
virus-induced tumors, using ISCOMS as the delivery 
vehicle for antigens (Mowat and Donachie) Immunology 
Today 12:383-385, 1991. Doses of antigen as low as Ifig 

10 encapsulated in ISCOMS have been found to produce class I 
mediated CTL responses, where either purified intact HIV- 
1-IIIB gp 160 envelope glycoprotein or influenza 
hemagglutinin is the antigen (Takahashi et al. , Nature 
344:873-875, 1990). Peptides are delivered into tissue 

15 culture cells using ISCOMS in a manner and dosage similar 
to that described above for liposomes; the class II 
peptide binding of delivered peptides are then determined 
by extraction and characterization as described above. 
ISCOM-delivered peptides of the invention which are 

20 effectively utilized by cultured cells are then tested in 
animals or humans. 

In addition to delivery of the therapeutic 
synthetic peptides, ISCOMS could be constituted to 
deliver the mini-gene constructs to APCs, and thus serve 

25 as an alternative to the above-outlined vaccinia 
strategy . 

Immunogenic Peptide Delivery (Vaccines) . 

In addition to using the above-described 
intracellular delivery systems to deliver nonimmunogenic 
3 0 self peptides with the specific aim of down-modulating 
the immune system (thus alleviating autoimmune 
conditions) , the delivery systems of the invention may 
alternatively be used as a novel means of vaccination, in 
order to stimulate a portion of the immune system of an 
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animal. In the latter context, the delivery system is 
employed to deliver, into appropriate cells, DNA 
constructs which express immunogenic, pathogen-derived 
peptides intended to stimulate an immune response against 
5 a specific pathogen. Because the antigenic peptide is 
produced inside the target cell itself, the vaccine 
method of the invention ensures that there is no 
circulating free antigen available to stimulate antibody 
formation and thereby induce potentially deleterious or 

10 inappropriate immunological reactions. The immune 
response stimulated by vaccines of the invention is, 
because the vaccines are targeted solely to APC's, 
limited to the T cell mediated response, in contrast to 
standard vaccine protocols which result in a more 

15 generalized immune response. Although some of the 

peptide-presenting APC's will initially be lysed by host 
T cells, such lysis will be limited because, inter alia , 
the virus-based vaccine is non-replicative, i.e., each 
carrier virus can infect only one cell. 

20 The model antigen that will be used to perfect and 

test the system of the invention is hen egg lysozyme 
(HEL) . It is arguably the most well characterized 
protein for antigen presentation studies, to which there 
are numerous monoclonal antibodies and class I- and class 

25 II-restricted mouse T cell clones and hybridomas. The 

primary epitopes that will be studied are the peptide HEL . 
34-45, as both monoclonal antibodies and CD4+ T cell 
hybridomas are available, and peptide HEL 46-61, as both 
class I and class II-restricted T cell clones and 

30 hybridomas have been raised and are publicly available. 
These two sequences are thus proven immunogenic epitopes. 
Initially, four constructs encoding different 
polypeptides are analyzed: (a) whole, secreted HEL, (B) 
HEL 34-45, (c) HEL 46-61, and (d) HEL 34-61. The last 

35 three include a signal sequence known to be cleaved in 
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these cells, e.g., IA k (MPRSRALILGVLALTTMLSLCGG) , which 
would result in targeting to the ER. All constructs are 
then subcloned into pH/3Apr-l neo. The methodology for 
making these constructs is similar to that outlined 
5 above. The constructs are introduced into appropriate 
APCs, e.g., LK35.2 cells, by means of a conventional 
eukaryotic transfection or one of the delivery vehicles 
discussed above (e.g., vaccinia, liposomes, or ISCOMS) . 
LK35.2 cells, which possess the "mouse MHC Class II 
10 restriction molecules IA k and IE k , transfected with each 
of the constructs are tested for their ability to 
stimulate the appropriate class I and class Il-restricted 
T cell hybridomas and clones using standard techniques. 
Whether class I stimulation is observed will depend on 
15 whether peptide trimming can occur in the ER, in order to 
produce an 8-10-mer suitable for binding to class I 
molecules. If these constructs are ineffective for class 
I stimulation, they can be modified in order to produce a 
more effective peptide for class I binding. If these 
20 constructs prove to be less effective for class II- 

restricted responses, they can be tagged with endosomal 
and/ or lysosomal targeting sequences as discussed in 
Section V. 

The effectiveness of targeting signals used to 
25 direct immunogenic peptides to particular intracellular 
organelles would be monitored using electron microscopic 
analysis of immunogold stained sections of the various 
transfectants. Rabbit anti-peptide antisera would be 
produced and affinity purified for this application. In 
30 addition, monoclonal antibody HF10, which recognizes HEL 
34-45, will be used. 

Once a construct is defined that can be 
effectively presented by transfectants in vitro, its 
effectiveness in vivo will be determined. This can be 
35 tested by injection of the transfectants i.p. and/ or s.c. 
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into C3H/Balb/c Fl mice, or by injection of the construct 
incorporated into an appropriate delivery vehicle (e.g., 
liposome, ISCOMS, retrovirus, vaccinia). Optimal 
protocols and doses for such immunizing injections can be 
5 determined by one of ordinary skill in the art, given the 
disclosures provided herein. Efficiency of immunization 
can be tested by standard methods such as (a) 
proliferation of class II-restricted T cells in response 
to HEL pulsed APCs, (b) CTL response to 51 Cr-labeled 
10 targets, and (c) serum antibody titre as determined by 
. ELISA. 

Once the details of the vaccine delivery system of 
the invention are optimized, constructs encoding peptides 
with useful immunizing potential can be incorporated into 

15 the system. Such peptides can be identified by standard 
means now used to identify immunogenic epitopes on 
pathogen-derived proteins. For example, candidate 
peptides for immunization may be determined from antibody 
and T cell analysis of animals infected with a particular 

20 pathogen. In order to obtain a protective and effective 
anamnestic response, the peptides used for vaccination 
should ideally be those which are presented with the 
highest frequency and efficiency upon infection. This 
could best be determined by using the procedures outlined 

25 in the experimental section above to extract and 

characterize the peptides bound by MHC class II molecules 
from infected cells. Given allelic restriction of 
immunogenic peptides (in contrast to the observed 
degenerate binding of self peptides of invention) , a 

3 0 mini-gene encoding several immunogenic peptides will 

probably be required to provide a vaccine useful for the 
entire population. Vaccine administration and dosage are 
as currently employed to smallpox vaccination. 
What is claimed is: 
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gL * mk , a peptide comprising 
X- * — ^ "SS^t- ^ a segment * 
an amino acid sequence ident * said segme nt being 

a naturally-occurring humar wherein sai d 
5 of 10 to 30 residues xn length, ibility complex 

peptide binds to a human ma 3 or hxs 
(MHO class II allotype. 

peptide binds to at least two dxstxnct 
10 allotypes. 

. „«. claim 1, wh«ein said human 
Tbe prep^=n o^claim ^ 

protein is HLA-A2, " kappa chain c region, 

Lx-OK,. ^» ian \*:^ Tp ( a 1 ::; transferrin, transferrin 
„ heavy chain, «.*/* ATFa*e, iaase E, MET 

« receptor, calcitonin receptor, car _ bindin g 
Kinase-related ^^Zt JpoZ^^ B-10C 
--"^rr^riCt-lop/oteinase inhihitor i 
«~ -~ cognate ,1 » 

„f claim 1, wherein said human 
4 The preparation of claim i, 
20 protein is an «H= class X or XX molecule. 

segment conforms to the '-"^^ at or within « 
3t ;\ri:no f ^rresidue of said segment, a 
" ^ei; crrgea residue or a large hydrophobe 

reSidUe 'at a posm°n X +5 , • hy^ogen hond donor residue. 

The preparation of claim * wherein said motif 
30 co-prises a hydrophobic r sidue at X + 9. 


5 


10 
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7. The preparation of claim « 

aa<itio„ ally oonprl t pos ; t \ a :: «« -u* 

hydrophobic residue. 1 ' a 

8. The preparation of claim i 
segment comprises residufis /Z^r \ ' d «" 
HLA-A2. ° r res ^dues 106-115 of 

9- The preparation of claim i 
segment comprises rasicJues J^/^"" ~" 

a A D ^ PeUti0 COBP ° Sitl °" ^Prising 

length, wherein said peptide * " " *° 30 "sidues in 
histoeo^patibiiity oolplex , * '^° T 

0,, a ^^"^ « 

naturally-occurring hunan protein ° f » of a 

10 to 30 residues i n i en ath „h • 9 " e " t beln9 of 

to a h^n Dajor ^tiz^T^t peptiae 

11 allotype. PatibiHty complex (MHC) class 

-prisw . t^^^z r piex (iscom > 

identical to tha't o, a ^l^T.ZZT 
" h ™ a " P«*^n. "id segment being of Tl ^ ^" 9 
length, wherein said peptide binL\ reSidUeS " 

histocompatibility coif , * human 

emty complex (MHC) cl ass 11 allotype. 


15 


20 
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antigen-presenting cell (APC) of a patient with the 
therapeutic composition of claim 10. 

14. A method of inhibiting an immune response in 
a human patient, which method comprises contacting an APC 

5 of a patient with the liposome of claim 11. 

15. A method of inhibiting an immune response in 
a human patient, which method comprises contacting an APC 
of a patient with the ISCOM of claim 12. 

16. A nucleic acid encoding a polypeptide, said 
10 polypeptide comprising a first and a second amino acid 

sequence linked by a peptide bond, said first sequence 
being identical to that of a segment of a naturally- 
occurring human protein, which segment binds to a human 
MHC class II allotype and is of 10 to 30 residues in 
15 length; and said second sequence being a sequence which 
controls intracellular trafficking of a polypeptide to 
which it is attached ("trafficking sequence") . 

17. The nucleic acid of claim 16, wherein said 
trafficking sequence traffics said polypeptide to 

20 endoplasmic reticulum (ER) , a lysosome, or an endosome. 

18. The nucleic acid of claim 16, wherein said 
second sequence is substantially identical to the signal 
peptide of an MHC subunit. 

19. The nucleic acid of claim 18, wherein said 
25 subunit is an MHC class II a or p subunit. 

20. The nucleic acid of claim 16, wherein said 
trafficking sequ nee is KDEL; KFERQ; QREFK; 
MAISGVPVLGFFIIAVLMSAQESWA; a pentapeptide comprising Q 
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flanked n one side by four residues selected from K, R, 
D, E, F, I, V, and L; or a signal peptide. 

21. A liposome or ISCOM comprising the nucleic 
acid of claim 16. 

5 22. A nucleic acid encoding a polypeptide 

comprising a first and a second amino acid sequence 
linked by a peptide bond, said first sequence being 
identical to that of a segment of a naturally-occurring 
human protein, which segment binds to a human MHC class 
10 II allotype and is of 10 to 30 residues in length; and 
said second sequence being substantially identical to 
human Ii. 

-23. The nucleic acid of claim 22, wherein said 
polypeptide comprises a plurality of copies of said first 
15 sequence linked in tandem to said second sequence. 

24. A nucleic acid molecule encoding a self 
peptide comprising an amino acid sequence identical to 
that of a segment of a naturally-occurring human protein, 
said segment being of 10 to 30 residues in length, 

20 wherein said self peptide binds to a human major 

histocompatibility complex (MHC) class II allotype, and 
wherein said nucleic acid molecule encodes less than the 
entire sequence of said protein. 

25. The nucleic acid molecule of claim 24, 
25 wherein said molecule additionally encodes a peptide 

sequence which controls intracellular trafficking of a 
polypeptide to which it is attached ("trafficking 
sequence") . 
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26 The nucleic acid molecule of claim 25, 
herein said molecule additionally encodes a second self 
; h ept ide and a second trafficking seance. 

27 The nucleic acid molecule of claim 24, 

27. Tne n comprises expression 

S wherein said molecule additionally comp 

control elements. 

mnlecule of claim 24, 
wherein said molecule comprises pj. 

sequence . 

virus, or retrovirus. 

30. A liposome or ISCOM comprising the nucleic 
15 acid molecule of claim 24. 

S1 . A cell comprising the nucleic acid molecule 
of claim 27. 

32. The cell of claim 31, wherein said cell is a 
human B cell or APC. 

n of claim 31, wherein said nucleic 
20 33. The cell of clal ™ 3 ' a virus . 

acid comprises genomic nucleic acid 

^.i.ide which method 
M . A method of maXing a pept.de 

comprises culturing from said nucleic 

permitting expression of said pep 

25 acid molecule. 
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35. 


A method of inhibiting an immune response in 
a human patient, which meth d comprises introducing the 
nucleic acid of claim 24 into a plurality of APCs of said 
patient. 

5 36. a therapeutic composition comprising the 

nucleic acid of claim 24 in a pharmaceutical^ acceptable 
carrier. 

37. a method of inducing an immune response in a 
human patient, which method comprises introducing into an 
10 APC of said patient a nucleic acid molecule encoding an 
immunogenic fragment of a protein of other than human 
origin, wherein said fragment binds to an MHC class I or 
II molecule. 

^ 38 - Th * ^thod of claim 37, wherein said protein 
15 is of an infective agent which causes human or animal 
disease. 

39. The method of claim 38, wherein said 
infective agent is human immunodeficiency virus (HIV) 
hepatitis B virus, measles virus, rubella virus 
20 influenza virus, rabies virus, Corynebacterium 

dxphtheriae, Bordetella pertussis, Plasmodium spp. 
Schistosoma spp. t Leishmania spp., Trypanasoma spp. , or 
Mycobacterium lepre. 

m 

40 ' The P^ration of claim 1, wherein said 
25 segment consists essentially of a sequence set forth in 
any of Tables l-io. 

41. a method of identifying a nonallelically 
restricted immunomodulating peptide, said method 
comprising: 
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(a) fractionating a mixture of peptides eluted 
from a first MHC class II allotype; 

(b) identifying a self peptide from said mixture; 

(c) testing whether said self peptide binds to a 
5 second MHC class II allotype, said binding being an 

indication that said self peptide is a nonallelically 
restricted immunomodulating peptide. 

42. A method of identifying a potential 
immunomodulating peptide, said method comprising: 

10 (a) providing a cell expressing MHC class II 

molecules on its surface; 

(b) introducing into said cell a nucleic acid 
encoding a candidate peptide; 

(c) determining whether the proportion of said 
15 class II molecules which are bound to said candidate 

peptide is increased in the presence of said nucleic acid 
compared to the proportion bound in the absence of said 
nucleic acid, said increase being an indication that said 
candidate peptide is a potential immunomodulating 
20 peptide. 

43. A method of identifying a potential 
immunomodulating peptide, said method comprising: 

(a) providing a cell expressing MHC class II 

molecules on its surface; 
25 (b) introducing into said cell a nucleic acid 

encoding a candidate peptide; 

(c) determining whether the level of MHC class II 

molecules on the surface of said cell is decreased in the 

presence of said nucleic acid compared to the level of 
3 0 said molecules in the absence of said nucleic acid, said 

decrease being an indication that said candidate peptide 

is a potential immunomodulating peptide. 
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44. A method of identifying a nonallelically 
restricted immunostimulating peptide, said method 
comprising: 

(a) providing a cell bearing a first MHC class I 
5 or class II allotype, said cell being infected with a 

pathogen; 

(b) eluting a mixture of peptides bound to said 
cell's first MHC allotype; 

(c) identifying a candidate peptide from said 
10 mixture, said candidate peptide being a fragment of a 

protein from said pathogen; 

(d) testing whether said candidate peptide binds 
to a second MHC allotype, said binding being an 
indication that said candidate peptide is a 

15 nonallelically restricted immunostimulating peptide. 
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ATG CCC ATA AGT GGi 
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